The theory of deep impurity levels is extended to semiconductors with d electrons. The major chemical trends are predicted for a large number of substitutional impurities in CuC1. Deep levels are found for S and Se impurities on the Cl site, but not for Ag or Au on the Cu site, in agreement with experiment. The theory also predicts no deep level for isolated 0 on the Cl site, thus supporting the conclusion that the observed 0-related de-fect is not a simple substitutional impurity.
I. INTRODUCTION
CuCl has been reported to exhibit an anomalous diamagnetism that is reminiscent of superconductivity ' and possibly associated with defects.
The importance of defect states is further emphasized by the occurrence of a broadened z3 exciton line in the same temperature region in which the diamagnetism is observed. This broadening has been variously related to defect states, free electron effects, a defect-stabilized plasma state, or a modified phonon spectrum.
In order to provide some theoretical guidance for experiments involving defects in CuCl, ' we have extended the theory of substitutional impurities ' to include d electrons on the cation site. We focus on the deep levels -i.e. , the levels that are bound within the fundamental band gap predominantly by the central-cell defect potential.
The theory of impurities in sp -bonded covalent materials, as enunciated by Hjalmarson et Table I , were determined by a fitting procedure described in Appendix B. The resulting band structure is displayed in Fig. 1 ( A2c) and V(x"yz,) The matrix elements E(s,c), E(s,a), E(p, c) , (Fig. 2) , which corresponds to the I,z valence band. The matrix elements E(s,c), E(s,a), and V(s, s) determine the bottoms of the conduction band and the lowest valence band both of which are I i. The bottom of the conduction band is given by the experimental band gap (3.25 eV), and the bottom of the lowest valence band is taken from the calculation of Kleinman and 
